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ABSTRACT 

The present invention generally relates to methods and apparatuses for amplifying 
nucleic acid sequences using immobilized DNA polymerase. The present invention provides 
those methods and apparatuses that allow simple separation and recovery of the DNA 
5 polymerase after the amplification, that can be operated not only with thermostable DNA 
polymerases but also with non-thermostable DNA polymerases, and that are simpler in their 
designs and processes so that they can be readily integrated into complex devices such as 
Lab-on-a-chip. The present invention provides a method comprising a) a step of maintaining a 
first reaction region at a temperature range suitable for separating double stranded DNA 

10 molecules into single stranded DNA molecules, a second reaction region at a temperature 
range suitable for hybridization of the single stranded DNA molecules with primers that are 
complementary to specific portions of the single stranded DNA molecules so as to form 
partially double stranded DNA molecules, and a third reaction region at a temperature range 
suitable for DNA polymerization reaction of the primers in the partially double stranded DNA 

15 molecules so as to generate primer extension products; b) a step of positioning an 
immobilized DNA polymerase in the third reaction region; and c) a step of circulating the 
DNA molecules through the first, second, and third reaction regions to make amplification of 
the target DNA sequences occur, wherein the step of circulating the DNA molecules is 
* repeated at least once. 

20 

REPRESENTATIVE DRAWING 

Figure 2a 

KEY WORDS 

25 Nucleic acid sequence amplification, immobilized DNA polymerase, polymerase chain 
reaction 
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TITLE OF THE INVENTION 

METHOD AND APPARATUS FOR AMPLIFICATION OF NUCLEIC ACID SEQUENCES 
USING IMMOBILIZED DNA POLYMERASE 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows schematic diagrams illustrating the concepts of the nucleic acid 
amplification methods using immobilized DNA (deoxyribonucleic acid) polymerase 
according to the present invention. 
10 Figure 2a shows a schematic diagram of the nucleic acid amplification method using 

immobilized DNA polymerase wherein circulation of DNA is induced by thermal convection. 

Figure 2b and 2c show a perspective view and a cross sectional view, respectively, of 
the nucleic acid sequence amplification apparatus using immobilized DNA polymerase 
wherein circulation of DNA is induced by thermal convection. 
15 Figures 3a and 3b show schematic diagrams of the nucleic acid sequence amplification 

methods using immobilized DNA polymerase wherein circulation of DNA is induced by an 
electric field generating means. 

Figure 4 shows a schematic diagram of the nucleic acid sequence amplification 
method using immobilized DNA polymerase wherein circulation of DNA is induced by a 
20 pressure difference generating means. 

Figure 5 shows a schematic diagram of the nucleic acid sequence amplification 
method using immobilized DNA polymerase wherein circulation of DNA is induced by an 
agitating means. 

Figure 6 shows an example of a temperature distribution for the case of forming three 
25 reaction regions in the sample according to the present invention. 

Figure 7 is a photograph of agarose gel electrophoresis results showing results of the 
nucleic acid sequence amplification using an immobilized DNA polymerase according to the 
present invention. 



30 



Explanation on the numbers of the important parts in the drawings 
1 : First reaction region 
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2: Second reaction region 
3: Third reaction region 
4: Immobilized DNA polymerase 
5: Reaction vessel 
5 6: Rectangular wave generator 

7, 7': Electrode 

8, 8': Piston 

9: Magnetic bar 

10: Electromagnet-type agitating device 
10 101: First conduction block 

102: Second conduction block 

103: Reaction vessel 

104: Heating device 

105: Inlet of temperature control fluid 
15 1 06: Outlet of temperature control fluid 

107: Insulator 

111, 117: Through hole 

112: Opening 

20 

FILED OF THE INVENTION AND BACKGROUND ART 

The present invention generally relates to methods and apparatuses for amplifying 
nucleic acid sequences using immobilized DNA polymerase. More particularly, it relates to 
methods and apparatuses useful for amplifying target nucleic acid sequences by forming a 
25 plurality of reaction regions in which polymerase chain reaction (PCR) can occur, positioning 
immobilized DNA polymerase in a specific reaction region, and circulating DNA through the 
reaction regions. 

Nucleic acid sequence amplification technology has a wide application in bioscience, 
30 genetic engineering, and medical science for research and development and diagnostic 
purposes. In particular, the nucleic acid sequence amplification technology using PCR 

5 
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(hereafter referred to as "PCR amplification technology") has been most widely utilized. 
Details of the PCR amplification technology have been disclosed in US Pat. No. 4,683,202; 
4,683,195; 4,800,159; and 4,965,188. 

5 Various apparatuses and methods incorporating automated PCR amplification 

processes have been developed and used for fast and efficient amplification of a variety of 
genetic samples. The basic working principle of such technology is as follows. 

In the commercialized PCR amplification technology, a sample is prepared to contain 

10 a template DNA to be amplified, a pair of oligonucleotide primers complementary to a 
specific sequence of each single strand of the template DNA, a thermostable DNA polymerase, 
and deoxyribonucleotide triphosphates (dNTP). A specific portion of the nucleic acid 
sequence of the template DNA is then amplified by repeating a temperature cycle that 
sequentially changes the temperature of the sample. Typically, the temperature cycle 

15 consists of three or two temperature steps, and the amplification processes during the 
temperature cycle occur in the following manner. The first step is the denaturation step in 
which the sample is heated to a high temperature and double stranded DNA molecules 
become separated into single stranded DNA molecules. The second step is the annealing 
step in which the sample is cooled to a low temperature and the single stranded DNA 

20 molecules formed in the first step bind to the primers, forming partially double stranded 
DNA-primer complexes. The last step is the polymerization step in which the sample is 
maintained at a suitable temperature and the primers in the DNA-primer complexes are 
extended by the action of the DNA polymerase, generating new single stranded DNA 
molecules that are complementary to each of the template DNA strands. The target nucleic 

25 acid sequences as selected by the sequences of the two primers are replicated during each 
cycle consisting of the above three steps. Typically, several millions or higher number of 
copies of the target nucleic acid sequences can be produced by repeating the temperature 
cycles for about 20 to 40 times. 



30 



The temperature of the denaturation step is typically 90~94°C. The temperature of 
the annealing step is controlled appropriately according to the melting temperatures (T m ) of 
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the primers used, and it typically ranges from 40 to 60°C. It is typical to set the temperature 
of the polymerization step to 72°C and use a three-step temperature cycle, since the most 
frequently used Tag DNA polymerase (a thermostable DNA polymerase extracted from 
Thermus aquaticus) has its optimal activity at that temperature. A two-step temperature 
5 cycle in which the polymerization temperature is set to the same as the annealing temperature, 
can also be used since the Taq DNA polymerase has its polymerase activity in a broad 
temperature range. 

The prior nucleic acid sequence amplification methods have a number of drawbacks as 
10 they operate to change the temperature of the whole sample including DNA polymerase 
according to the three- or two-step temperature cycle. 

Firstly, since DNA polymerase is included in the sample in the prior nucleic acid 
amplification methods, it is not simple to remove the DNA polymerase for purification of the 
1 5 sample after the amplification reaction, and also difficult to reuse the used enzyme. 

Secondly, the prior nucleic acid sequence amplification methods can only use 
thermostable DNA polymerases such as Taq DNA polymerase. This is because the prior 
apparatuses have the process of heating the whole sample to a high temperature. 

Thirdly, it is difficult to incorporate the prior nucleic acid sequence amplification 
method into a complex device such as Lab-on-a-chip, a miniaturized device that can perform 
multiple reactions and processes within a chip either simultaneously or sequentially. The 
prior nucleic acid sequence amplification method is disadvantageous for miniaturization since 
it requires processes of changing the temperature of the whole sample, thereby having a 
complex design and processes. Moreover, it is difficult to incorporate the prior method into 
a complex device in which rapid temperature change is not desirable. 

Among various possibilities, a method useful for resolving the problems described 
30 above is one using immobilized DNA polymerase. By the term "immobilized enzyme" is 
meant an enzyme that is physically or chemically bound to a supporting material with its 
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enzyme activity preserved. There are generally a number of advantages of using 
immobilized enzymes. Firstly, the sample purification process can be simplified since the 
enzyme can be readily separated and recovered from the reaction solution by removing the 
supporting material to which the enzyme is immobilized. Secondly, the cost can be reduced 
5 since the recovered immobilized enzyme can be reused. Thirdly, the efficiency of the 
reaction processes can be improved since multiple reaction processes comprising the enzyme 
reaction(s) can be simplified. In addition, immobilization of the enzyme may result in 
incidental effects such as improvement of the physical stability of the enzyme or change in the 
reaction conditions of the enzyme, which in turn may improve the applicability of the enzyme. 
10 Therefore, one can expect' that the problems associated with the prior nucleic acid 
amplification methods described above can possibly be resolved by using immobilized DNA 
polymerase. 

However, no method using an immobilized enzyme has been known yet in the prior 

15 art to solve the above problems. This is mainly due to two reasons: difficulty in preserving 
the activity of the immobilized enzyme and development of processes suitable for using the 
immobilized enzyme. Firstly, various methods has been reported for immobilization of 
enzymes, but no method has been reported yet for preparation of the immobilized DNA 
polymerase having high enough activity to produce detectable amount of reaction products in 

20 the PCR process. Therefore, in order to realize a nucleic acid amplification method and an 
apparatus thereof, a method should be developed first to prepare an immobilized DNA 
polymerase with its activity highly preserved. Secondly, even if an immobilized DNA 
polymerase preserving a high activity can be used, the prior methods of the temperature cycle 
type have limitations. For instance, non-thermostable DNA polymerases cannot be used in 

25 the prior temperature cycle type methods because the prior methods require a step of heating 
the whole sample to a high temperature. Moreover, in the prior methods, the polymerization 
reaction by DNA polymerase can occur only in one temperature step, namely the 
polymerization step. That is, the polymerization reaction can only occur for a partial period 
of the total reaction time. The temporal efficiency of the prior methods is thus limited by the 

30 speed of changing the temperature during the temperature cycle. Therefore, it is necessary 
to develop a new nucleic acid sequence amplification method and an apparatus thereof that 
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are not of the prior temperature cycle type in which temperature of the whole sample is 
changed sequentially, but that are of a different type in which the advantages of using the 
immobilized DNA polymerase can be incorporated. 

5 

TECHNICAL OBJECT OF THE INVENTION 

It is an objective of the present invention to provide new methods and apparatuses for 
amplifying nucleic acid sequences using immobilized DNA polymerase. 

10 More particularly, it is an objective of the present invention to provide nucleic acid 

sequence amplification methods and apparatuses thereof, wherein immobilized DNA 
polymerase is used and thus the DNA polymerase can be readily separated and recovered after 
amplification. The present invention thus provides nucleic acid amplification methods and 
apparatuses that allow easy purification of the sample and reuse of the DNA polymerase. 

15 

It is another objective of the present invention to provide nucleic acid sequence 
amplification methods and apparatuses using immobilized DNA polymerase, wherein not 
only thermostable DNA polymerases but also non-thermostable DNA polymerases can be 
used. As various DNA polymerases can be used, the nucleic acid amplification methods and 
20 apparatuses of the present invention can be used for a wider range of applications. In 
particular, it is an objective of the present invention to provide nucleic acid amplification 
methods and apparatuses, wherein non-thermostable DNA polymerases can be used so that 
the accuracy of the nucleic acid replication can be improved. 

25 It is another objective of the present invention to provide nucleic acid sequence 

amplification methods and apparatuses using immobilized DNA polymerase that are simple in 
their designs and processes. This can be accomplished by providing methods and 
apparatuses that do not require the temperature change processes incorporated in the prior 
nucleic acid sequence amplification methods and apparatuses. The present invention thus 

30 provide methods and apparatuses that can be readily miniaturized and also integrated into a 
complex device such as Lab-on-a-chip as compared to the prior methods and apparatuses. 

9 
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Others objects and advantages of the invention will become clear to those skilled in 
the art from the following detailed description, claims, and drawings. 

DETAILED DESCRIPTION OF THE INVENTION 

In order to achieve the above objectives, the present invention provides new nucleic 
acid sequence amplification methods and apparatuses using immobilized DNA polymerase as 
described below. 

More particularly, the present invention provides a method useful for amplifying at 
least one target DNA sequence using PCR, which method comprises: 

a) a step of maintaining a first reaction region at a temperature range suitable for 

separating double stranded DNA molecules into single stranded DNA molecules, 
a second reaction region at a temperature range suitable for hybridization of the 

single stranded DNA molecules with primers that are complementary to specific 

portions of the single stranded DNA molecules so as to form partially double 

stranded DNA molecules, and 
a third reaction region at a temperature range suitable for DNA polymerization 

reaction of the primers in the partially double stranded DNA molecules so as to 

generate primer extension products; 

b) a step of positioning an immobilized DNA polymerase in the third reaction region; 

and 

c) a step of circulating the DNA molecules through the first, second, and third reaction 

regions to make amplification of the target DNA sequences occur, 
wherein the step of circulating the DNA molecules is repeated at least once. 

The present invention also provides an apparatus useful for amplifying at least one 
target DNA sequence using PCR, which apparatus comprises: 

a) a reaction vessel; 

b) means for maintaining a first reaction region of the reaction vessel at a temperature 

10 
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range suitable for separating double stranded DNA molecules into single 

stranded DNA molecules, 
a second reaction region of the reaction vessel at a temperature range suitable for 

hybridization of the single stranded DNA molecules with primers that are 

complementary to specific portions of the single stranded DNA molecules so as 

to form partially double stranded DNA molecules, and 
a third reaction region of the reaction vessel at a temperature range suitable for 

DNA polymerization reaction of the primers in the partially double stranded 

DNA molecules so as to generate primer extension products; and 
c) means for circulating the DNA molecules through the first, second, and third 

reaction regions to make amplification of the target DNA sequences occur, 
wherein an immobilized DNA polymerase is positioned in the third reaction region and 

the circulating means circulates the DNA molecules repeatedly at least once. 

The present invention also provides an apparatus useful for amplifying at least one 
get DNA sequence using PCR, which apparatus comprises: 

a) a reaction vessel; and 

b) means for maintaining a first reaction region of the reaction vessel at a temperature 

range suitable for separating double stranded DNA molecules into single 
stranded DNA molecules, 

a second reaction region of the reaction vessel at a temperature range suitable for 
hybridization of the single stranded DNA molecules with primers that are 
complementary to specific portions of the single stranded DNA molecules so as 
to form partially double stranded DNA molecules, and 

a third reaction region of the reaction vessel at a temperature range suitable for 
DNA polymerization reaction of the primers in the partially double stranded 
DNA molecules so as to generate primer extension products; and 
wherein an immobilized DNA polymerase is positioned in the third reaction region and 
among the first, second, and third reaction regions, a relatively high temperature 
region is located lower in height than a relatively low temperature region so that 
the DNA molecules are circulated repeatedly at least once by thermal convection 

11 
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through the first, second, and third regions to make amplification of the target 
DNA sequences occur. 

The term "immobilized DNA polymerase" as used herein is meant a DNA polymerase 
5 that is immobilized on a solid support with its polymerase activity preserved. Various 
methods may be used to prepare the immobilized DNA polymerase, but it should provide an 
immobilized DNA polymerase that has a high enough polymerase activity so as to enable 
detection of nucleic acid sequences amplified by PCR of template DNA molecules. The 
immobilized DNA polymerase used in the example of the present invention was prepared to 

10 preserve a high polymerase activity by using a method in which the active site of the DNA 
polymerase was masked by a DNA substrate and immobilized on a Au surface by covalent 
bonding. Detailed procedure of the immobilization method is described in the example. 
The polymerase activity of the immobilized enzyme as prepared by this method was high 
enough (about 60-80% compared to the solution phase DNA polymerase) to use for PCR. 

1 5 However, immobilized DNA polymerases that can be used with the present invention are not 
limited to those prepared by the method used in the example of the present invention, but 
include those prepared by other methods. 

In general, the sample used in nucleic acid sequence amplification methods using 
20 DNA polymerase comprises a template DNA, four deoxynucleotide triphosphates consisting 
of dATP, dCTP, dGTP, and dTTP which act as substrates, primers for initiating the 
polymerization, and a DNA polymerase for catalyzing the polymerization as dissolved in a 
buffer solution having a suitable salt concentration and pH. 

25 The sample used in the present invention is different in its composition from the 

sample used in the prior nucleic acid sequence amplification methods. Different from the 
prior methods where the DNA polymerase is dissolved together in the aqueous sample, the 
DNA polymerase is not included in the aqueous sample in the present invention since a DNA 
polymerase that is immobilized on a solid support is used. Therefore, different from the 

30 prior methods, it is advantageous that separation of the enzyme and purification of the sample 
can be easily performed and the enzyme can be reused. 

12 
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The template DNA used in the present invention may be single stranded, double 
stranded, or partially double stranded, and it may be a mixture of various DNA molecules 
having different lengths and shapes. When a nucleic acid sequence of a messenger 
5 ribonucleic acid (mRNA) contained in a sample needs to be amplified, a complementary 
deoxyribonucleic acid (cDNA) typically prepared by converting the RNA to a DNA using a 
reverse-transcriptase may also be used as a template DNA. 

The primers used in the present invention consist of at least one pair of 
oligonucleotides each containing a portion of the 5' terminus of one of the target nucleic acid 
sequences in the double stranded DNA to be amplified. Each of the primer pair is designed 
to hybridize to the 3' terminus of a complementary target nucleic acid sequence in the 
template DNA and thus to initiate the DNA polymerization. When the polymerization needs 
to be performed repeatedly, the primers are added in molar excess to the amount of the 
substrate. For instance that a target nucleic acid sequence in the template DNA needs to be 
amplified with a partial modification of the sequence, the primer may be designed to have a 
nucleic acid sequence having partial substitution or addition of the sequence and thus it may 
not be completely complementary to the template DNA. As far as the modified primer can 
form a desired hybridized structure with the template DNA, there is no limitation in using 
such modified primer. This should be apparent to those having ordinary skill in the art to 
which the present invention pertains. 

The main features of the embodiments according to the present invention are: a 
plurality of reaction regions each maintained at a specific temperature are formed in the 
25 sample, and DNA is subject to circulate through the reaction regions. 

The DNA polymerization reaction consists of (1) the denaturation step in which 
double stranded DNA molecules become separated into single stranded DNA molecules; (2) 
the annealing step in which the primers hybridize with the single stranded DNA molecules 
30 each at a specific complementary region to form partially double stranded DNA molecules; 
and (3) the polymerization step in which the primer extension products are synthesized from 

13 
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the partially double stranded DNA molecules. Amplification of nucleic acid sequences can 
be achieved by making these three steps occur sequentially and repeatedly. In the prior 
nucleic acid sequence amplification methods, the above steps are accomplished by changing 
the temperature of the whole sample sequentially according to the temperature cycle. 

5 

In the present invention, however, the above steps are accomplished by forming a 
plurality of reaction regions each maintained at a specific temperature suitable for each of the 
above steps and circulating DNA through the reaction regions. The reaction regions consists 
of 1) a first reaction region maintained at a temperature range suitable for separating double 

10 stranded DNA molecules into single stranded DNA molecules, 2) a second reaction region 
maintained at a temperature range suitable for hybridization of the single stranded DNA 
molecules with primers that are complementary to specific portions of the single stranded 
DNA molecules so as to form partially double stranded DNA molecules, and 3) a third 
reaction region maintained at a temperature range suitable for polymerization of the primers 

1 5 in the partially double stranded DNA molecules so as to generate primer extension products. 
The three reaction regions and their temperature ranges may overlap each other either 
partially or completely. 

The DNA molecules become denatured into single stranded DNA molecules in the 
20 first reaction region and anneal with the primers in the second reaction region. An 
immobilized DNA polymerase is positioned in the third reaction region to make the 
polymerization occur, thereby generating the primer extension products. The primer 
extension products thus generated may have the same nucleic acid sequences, or partially 
substituted or added sequences as compared to the specific portions of the template DNA 
25 molecules, depending on the compositions of the primers. Once the PCR process occurs, the 
primer extension products in addition to the template DNA molecules can also act as 
templates. Therefore, nucleic acid sequences having the same sequences as the primer 
extension products are thus amplified afterward. 

30 In the present invention, DNA molecules are circulated through the first, second, and 

third reaction regions so that amplification of specific nucleic acid sequences can occur. The 

14 
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DNA molecules to be circulated include the primer extension products in addition to the 
template DNA molecules. These DNA molecules are those that are circulated repeatedly 
through the reaction regions. Other entities of the sample such as the buffer, 
deoxyribonucleotide triphosphates, etc. may be located in each of the reaction regions or they 
5 may be circulated together with the above DNA molecules. By the clause "the DNA 
molecules are circulated so that amplification of specific nucleic acid sequences can occur" is 
meant that the DNA molecules are circulated through the three reaction regions at least once 
for each of the reaction regions so that the PCR process can occur. 

10 The enzyme that is immobilized in the present invention is an enzyme that has a 

polymerase activity of replicating a sequence complementary to a template DNA. Such 
enzyme may be selected from the group consisting of E. Coli DNA polymerase I, Klenow 
fragment of E. Coli DNA polymerase I, T4 DNA polymerase, Taq DNA polymerase, and their 
homologs and derivatives. 

15 

Since the prior DNA sequence amplification methods and apparatuses of the 
temperature cycle type incorporate the step of heating the whole sample to a high temperature, 
enzymes that are thermostable may only be used practically for the polymerization. If the 
enzyme used is not thermostable, the enzyme should be added for each temperature cycle due 

20 to the heat-induced loss of the enzyme activity. In the present invention, such problem of 
heat-induced damaging of DNA polymerase is resolved by locating an immobilized DNA 
polymerase in a region at a specific temperature range (e.g., the third reaction region). More 
specifically, the enzyme is located in a reaction region maintained at a temperature range 
suitable for the polymerization, thereby avoiding the undesirable effect due to the 

25 denaturation process that requires a high temperature above 90°C. Since the DNA 
polymerase is not exposed to a high temperature, DNA polymerases that are not thermostable 
can also be used in the present invention. 

The objectives, features and advantages described above will be apparent from the 
30 following detailed description provided in connection with the attached drawings. In 
describing the present invention, detailed explanation on the related prior art will be omitted 

15 
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when it can unnecessarily make the points of the present invention ambiguous. Below, 
preferred embodiments according to the present invention are explained in detail with 
reference to the attached drawings. 

5 Figure 1 shows schematic diagrams illustrating the concepts of the nucleic acid 

amplification methods using immobilized DNA polymerase according to the present invention. 
In one embodiment as illustrated in Figure la ? the first reaction region 1 is maintained at a 
temperature range suitable for separating double stranded DNA molecules into single stranded 
DNA molecules, the second reaction region 2 is maintained at a temperature range suitable for 

10 hybridization of the single stranded DNA molecules with primers that are complementary to 
specific portions of the single stranded DNA molecules so as to form partially double stranded 
DNA molecules, and the third reaction region 3 is maintained at a temperature range suitable 
for polymerization of the primers in the partially double stranded DNA molecules so as to 
generate primer extension products. In this embodiment, an immobilized DNA polymerase 

15 is positioned in the third reaction region and the DNA molecules are circulated through the 
first, second, and third reaction regions. In some embodiments of the present invention, 
some of the reaction regions may overlap each other (Figure lb), and also positions of the 
reaction regions may be changed (Figure lc) to facilitate the circulation of the DNA 
molecules through the reaction regions. 

20 

One embodiment of the present invention is explained more specifically below for the 
case of using Taq DNA polymerase, with reference to Figure la. 

The first reaction region maintained at 90~94°C for denaturation is positioned at the 
25 lowest height and the second reaction region maintained at 40~60°C for annealing of the 
primers is positioned at the highest height. The third reaction region maintained at the 
optimum temperature of Taq DNA polymerase, e.g., 72°C, is positioned in the middle in 
between the first and second reaction regions. When the reaction regions are arranged as 
described above, circulation of the DNA molecules can be achieved by a thermal convection 
30 generated by the temperature gradient, since the relatively high temperature region is 
positioned lower in height than the relatively low temperature region. 

16 
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More specifically, the denaturation step occurs first in the first reaction region 1 . The 
denatured DNA molecules then move to the second reaction region 2 via thermal convection 
in the presence of the primers, causing the annealing step to occur subsequently. The 
5 polymerization step finally takes place in the third reaction region 3 by the action of the 
immobilized DNA polymerase 4, when the DNA-primer complexes move through the third 
reaction region via thermal convection. Consequently, the three steps of the PCR process, 
the denaturation, annealing, and polymerization steps, can occur sequentially and repeatedly, 
thereby achieving an efficient amplification of the target nucleic acid sequences from the 
10 sample DNA. 

Another embodiment of the present invention is explained below for the case of using 
Taq DNA polymerase with reference to Figure lb. Taq DNA polymerase is known to have 
its optimal activity at 72°C and its activity remaining in a broad temperature range extending 
15 to a low temperature region. Therefore, if Taq DNA polymerase is to be used, the second 
and third reaction regions may be positioned at the same location by selecting the temperature 
ranges for the polymerization and the annealing to be the same, as depicted in Figure lb. 
Circulation of the DNA in this example can also be achieved by thermal convection generated 
by the temperature gradient. 

20 

Another embodiment of the present invention is explained below for the case of using 
immobilized E. Coli DNA polymerase with reference to Figure 1c. E. Coli DNA polymerase 
has its optimal activity at 37°C, which is lower than the annealing temperature of the primer. 
Therefore, if E. Coli DNA polymerase is to be used, it is preferred that the third reaction 
25 region where the polymerization occurs be positioned higher in height than the second 
reaction region where the annealing occurs, as depicted in Figure lc. Circulation of the 
DNA molecules in this example can also be achieved by thermal convection generated by the 
temperature gradient. 

30 In the embodiments depicted in Figure la, lb, and lc, arrangement of the temperatures 

of the reaction regions 1, 2, and 3 each maintained at a specific temperature range, may not be 
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suitable for generating thermal convection. For such instance, an additional means may be 
used to circulate the DNA molecules. 

Figure 2a shows one embodiment of the present invention that was used in the 
5 example to circulate the DNA molecules by thermal convection. In this embodiment, the 
relatively high temperature region is positioned lower in height than the relatively low 
temperature region and the second and third reaction regions overlap partially each other. 

As shown in Figure 2b and 2c, the first conduction block 101 located at the lower 

10 position is maintained at a high temperature and the second conduction block 102 located at 
the higher position is maintained at a low temperature. The two conduction blocks 101 and 
102 are thermally insulated each other by using an insulator 107. Under this arrangement, 
three temperature regions are formed inside the reaction vessel 103 which consist of the first 
reaction region 1 maintained at a high temperature, the second reaction region 2 maintained at 

15 a low temperature, and the third reaction region 3 generated as a result of the temperature 
gradient between the first and second reaction regions. In this embodiment, the sample in 
the high temperature region has a lower density than that in the low temperature region. 
Therefore, a buoyant force is generated and it causes DNA to move from the high temperature 
region located at the lower position to the low temperature region located at the higher 

20 position, while the gravitational force causes DNA to move in the opposite direction. A 
natural thermal convection is thus generated by the temperature difference, resulting in 
circulation of DNA through a plurality of the reaction regions 1, 2, and 3. The heating unit 
104 used to maintain the first conduction block 101 at the high temperature is depicted only 
schematically as a block, and a circulating water bath used to maintain the second conduction 

25 block 102 at the low temperature is not shown. Details of such embodiment should be 
apparent to those skilled in the art to which the present invention pertains. In this particular 
example, two conduction blocks 1 and 2, a heating unit, and a circulating water bath are used 
as means for maintaining the temperatures of the first, second, and third reaction regions at 
specific temperature ranges. However, the temperature maintaining means are not limited to 

30 the conduction blocks 1 and 2, the heating unit, and the circulating water bath. For instance, 
instead of the conduction block, a fluid such as liquid or gas at a suitable temperature may be 
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contacted to a specific portion of the reaction vessel or an infrared radiation generating means 
may be used to directly heat the sample in order to generate a reaction region. Detailed 
composition of the temperature maintaining means can be modified in various ways 
depending on the change in the reality of the industrial technology. Any such modifications 
5 are obviously included in the scope of the present invention as long as the first, second, third 
reaction regions can be maintained at the specific temperature ranges. 

Figures 3a and 3b depict other embodiments of the present invention, wherein an 
electric field is used to circulate DNA. 

10 

DNA has various functional groups having charges in their structures. However, in 
overall, DNA has a large quantity of negative charges in buffer solution at near neutral pH, 
because the nucleotides each having three phosphates affect the charge state of DNA most 
significantly. Therefore, as depicted in Figure 3a and 3b, electrodes 7 and T may be 

15 introduced to both end regions 1 and 3 of the sample solution and an electric potential 
difference may be generated and altered periodically inside the sample using a rectangular 
wave generator 6. By such arrangement, DNA having negative charges can be circulated 
through each of the reaction regions 1, 2, and 3 sequentially, thereby accomplishing 
amplification of nucleic acid sequences. Although not shown in Figure 3a and 3b, electrodes 

20 may be introduced in each and every one of the reaction regions 1, 2, and 3, or the 
arrangement of the reaction regions may also be modified. 

DNA used as a substrate is the main object of the denaturation, annealing, and 
polymerization occurring in the DNA polymerization process. Therefore, DNA should be 

25 the one that needs to be circulated through the reaction regions. When electric filed is 
applied to induce movement of DNA, the primers and deoxyribonucleotide triphosphates 
included in the sample may also move at the same time. However, this also provides 
conditions preferable for the annealing and polymerization of DNA since these entities also 
act as substrates and become concentrated in each relevant reaction region. The strength of 

30 the electric field and its duration may be selected depending on the size of DNA and the shape 
of the reaction vessel. If the polymerase is immobilized on a metal surface, the immobilized 
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DNA polymerase itself may be used as an electrode. Detailed embodiments are not limited 
to those depicted in Figure 3a and 3b, but they can be modified depending on the reaction 
process, the characteristics of the sample, and the shape of the reaction vessel. 

5 Figure 4 depicts another embodiment of the nucleic acid sequence amplification 

method according to the present invention, wherein the step of circulating DNA is 
accomplished by a pressure difference generating means. 

As exemplified in Figure 4, DNA may be circulated through the reaction regions 1, 2, 
10 and 3 maintained at specific temperature ranges by generating a pressure difference. The 
pressure difference may be generated by controlling the pressure applied on one end of the 
sample inside the reaction vessel 5 higher or lower than that on the other end. Figure 4 
shows a particular example in which pistons 8 and 8' are used to induce a round trip motion. 
People having ordinary skill in the art to which the present invention pertains can readily 
15 recognize that various kinds of liquid or gas pumps may be used in replacement of the pistons 
8 and 8' as long as they can generate the desired pressure difference. 

Figure 5 depicts another embodiment of the nucleic acid sequence amplification 
method according to the present invention, wherein the step of circulating DNA is 
20 accomplished by an agitating means. 

As exemplified in Figure 5, a magnetic bar 9 may be introduced in the reaction vessel 
5 and rotated using an electromagnet-type agitating device 10 to make DNA move. Other 
agitating device such as a propeller type agitator or a vibrating thin-film agitator that is in 
25 contact with the sample solution may also be used to accomplish the purpose of the present 
invention. 

Example 

30 A. Preparation of the immobilized DNA polymerase 

The 65 base single stranded DNA and the KS primer shown below were mixed in a pH 
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8.3 phosphate buffer at 1:1 molar ratio. The resulting solution was incubated at 94°C for 10 
min and then cooled down slowly below 35°C. During this process, the 65 base single 
stranded DNA and the KS primer were annealed each other to form a partially double 
stranded DNA. An appropriate number of moles of Taq DNA polymerase (AmpliTaq Gold) 
5 purchased from Perkin Elmer (U.S.A.) was then added to this solution and the resulting 
mixture was incubated in a dry bath at 72°C for 10 min. Then, the mixture was moved to a 
dry bath at 50°C and incubated for 20 min to finish preparation of a masked DNA polymerase 
in which the partially double stranded DNA become bound to the active site of the DNA 
polymerase. 

10 

KS primer: 5'-CGAGGTCGACGGTATCG-3' 



65-mer: 

3'-CCAGCTGCCATAGCTATTTTCTTTTCTTTCTTAAGTTCTTTTCTTTTCCTAG 
15 GTGATCAAGATCT-5 1 

In order to have a maximum amount of immobilized DNA polymerase be 0.26 pmol, a 
Au wire having an outer diameter of 0.1 mm and a length of 4.7 cm was prepared and used 
after manipulating it to a coil shape having an outer diameter of 1 .5 mm and a length of about 
20 4 mm. In order to ensure the cleanness of the surface of the Au wire, it was washed with 
Piranha solution for 10-15 min at 60~70°C and was rinsed with deionized water and 
subsequently with absolute ethanol, right before using. 



In order to introduce reaction groups for immobilization onto the Au surface, a 
25 monolayer of thiol molecules was formed on the Au surface by using the Au-S bond 
formation reaction, that is, by using the thiolate formation reaction between a linker molecule 
having a thiol group and Au, to prepare a supporting material. In this reaction, a mixed 
solution containing two kinds of thiol molecules having an immobilization reaction group and 
a non-reactive group, respectively, was used. The mole fraction of the thiol molecule having 
30 the immobilization reaction group with respect to the total moles of the two thiol molecules 
was selected to be 5%. In order to introduce a carboxyl immobilization reaction group, 

21 



1020010066943 

Filing Date: October 30, 2001 



12-mercaptododecanoic acid having a relatively long alkyl chain was used as a linker 
molecule. As a thiol molecule having a non-reactive group, 6-mercapto-l-hexanol or 
1-heptanethiol was used as a matrix molecule. The carboxyl immobilization reaction group 
was introduced onto the surface of the Au wire by placing it in 100 juil of a 2 mM mixed thiol 
5 solution in ethanol for 2 hours at room temperature and washing it with absolute ethanol. 

The Au wire on which the carboxyl immobilization reaction groups were introduced 
was placed in 120 \xl of an ethanol solution containing 10 mM of 
l-ethyl-3-(3-dimetylaminopropyl)carbodiimide (EDC) and 5 mM of N-hydroxysuccinimide 
10 (NHS) for 2 hours at room temperature. The carboxyl group was activated by reacting with 
NHS in the presence of EDC and thus forming NHS-ester. 

After activating the carboxyl groups of the thiol monolayer, the Au wire was moved to 
the enzyme solution containing the active-site masked DNA polymerase. In this step, the 
15 activated carboxyl (NHS-ester) of the thiol monolayer reacted with the primary amine of the 
protein, forming an amide bond (-CO-NH-). As a result, the Taq DNA polymerase was 
immobilized on the supporting material. 

The activity of the immobilized DNA polymerase was observed to be 60-80% of that 
20 of the solution phase DNA polymerase when examined with the prior PCR method of the 
temperature cycle type. 

B. Preparation of the reaction sample 

A glass tubing with its one end closed was used as a reaction vessel. The glass 
25 tubing had a length of 55-60 mm, an inner diameter of 2 mm, an outer diameter of 8 mm, and 
a thickness of 3 mm at the bottom-side closed end. The inner wall of the glass tubing was 
coated with polytetrafluoroethylene using a spray type coating material and thermally 
hardened. 

30 pBluescript II KS(+) was used as a template DNA to amplify the 164 bp nucleic acid 

sequence from the nucleotide at the position 627 in the T7 promoter region to the nucleotide 
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at the position 790 in the T3 promoter region. The sample used in the PCR process 
contained 40 ng of the template DNA, 40 pmol each of T3 primer 
(5'-ATTAACCCTCACTAAAG-3') and T7 primer (5-AATACGACTCACTATAG-3*), a 
mixture of 4 nmol of deoxyribonucleotide triphoaphates, 250 nmol of MgCb, and 50 mM KC1 
5 in 10 mM Tris buffer at pH 8.3 with a total volume of 100 The sample was then 
introduced into the reaction vessel and the Taq DNA polymerase immobilized on the gold 
wire that was prepared in the step A was positioned in the low temperature region to perform 
the reaction. As a control for determining the activity of the enzyme after the 
immobilization, another sample was prepared to have the same composition but with 0.26 
1 0 pmol of solution phase Taq DNA polymerase added, and the PCR process was performed 
using the prior temperature cycle method. 

C. Example of the DNA polymerization 

It is explained with reference to Figure 2b and 2c. The first conduction block 101 
1 5 located at the lower position was maintained at 96°C using an electric heater, and the second 
conduction block 102 located at the upper position was maintained at 45°C using a circulating 
water bath. The reaction vessel containing the sample prepared in the step B was inserted 
into the receptor 111, 117, and 112, and the temperature of each reaction region was measured. 
From this temperature measurement, it was confirmed (see Figure 6) that the high temperature 
20 region maintained above 90°C for the denaturation, the low temperature region maintained at 
about 50°C for the annealing, and the convection region having a temperature gradient which 
generate the thermal convention were formed in the sample. Therefore, it is expected that 
the polymerization will occur in the low temperature region and the upper portion of the 
convection region. 

25 

To carry out the polymerization reaction, the coil-shaped gold wire having an outer 
diameter of 1.5 mm and a length of 4 mm was inserted into the reaction vessel with its center 
positioned at a location where the temperature was about 55°C, and the sample was incubated 
under the reaction conditions described above for a selected reaction time. The reaction 
30 vessel was then taken out from the apparatus and allowed to cool down. The reaction 
products were separated by electrophoresis using a 10% agarose gel and stained with ethidium 
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bromide. The DNA products were visualized using fluorescence generated by UV 
irradiation and quantified with a densitometer. Figure 7 is a photograph of the 
electrophoresis results showing the results obtained at every 30 min reaction time up to 4 hr. 
The reaction product is a 164 bp double stranded DNA. As can be seen in Figure 7, the PCR 
5 process starts to saturate at 120 min. 

Those skilled in the art to which the present invention pertains should recognize that 
the present invention described above is not limited to the foregoing embodiments and the 
attached drawings and that various substitutions, changes, and modifications are possible 
1 0 without departing from the technical idea of the present invention. Therefore, the foregoing 
embodiments and the drawings should be taken as examples and should not be interpreted as 
limitations. The scope of the present invention should be determined by the following 
claims and is not restricted in any way by the specification. 

15 

USEFULNESS OF THE INVENTION 

The present invention has the following advantages. 

Firstly, by the use of the immobilized DNA polymerase, the present invention makes it 
20 possible to reuse the enzyme repeatedly and also to simplify the process of removing the 
enzyme in a series of processes. This in turn allows to save the cost and to simplify the 
related processes. 

Secondly, the present invention makes it possible to use DNA polymerases that are not 
25 thermostable, such as Klenow fragment and T7 DNA polymerase, thereby extending the 
application range of the nucleic acid sequence amplification method and apparatus. In 
particular, the present invention provides a solution to improve the accuracy of the 
polymerization for replicating nucleic acid sequences by making it possible to use such 
non-thermostable DNA polymerases. 

30 

Lastly, the present invention provides nucleic acid sequence amplification methods 
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and apparatuses thereof that do not require the temperature change processes required in the 
prior methods and apparatuses. The present invention thus provides the methods and 
apparatuses that are simpler in their designs and processes and thus that can be readily 
miniaturized and integrated into complex devices. Moreover, since the present invention 
5 makes the polymerization process occur continuously, it provides a means for improving the 
speed of the nucleic acid sequence amplification. 
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What is claimed is: 

1. A method useful for amplifying at least one target DNA sequence using PCR, which 
method comprises: 

5 a) a step of maintaining a first reaction region at a temperature range suitable for 

separating double stranded DNA molecules into single stranded DNA molecules, 
a second reaction region at a temperature range suitable for hybridization of the 
single stranded DNA molecules with primers that are complementary to specific 
portions of the single stranded DNA molecules so as to form partially double 
1 0 stranded DNA molecules, and 

a third reaction region at a temperature range suitable for DNA polymerization 
reaction of the primers in the partially double stranded DNA molecules so as to 
generate primer extension products; 

b) a step of positioning an immobilized DNA polymerase in the third reaction region; 
15 and 

c) a step of circulating the DNA molecules through the first, second, and third reaction 

regions to make amplification of the target DNA sequences occur, 
wherein the step of circulating the DNA molecules is repeated at least once. 

20 2. The method according to claim 1, wherein the immobilized DNA polymerase is an 
immobilized enzyme having a polymerase activity of replicating a sequence 
complementary to a template DNA, selected from the group consisting of E. Coli DNA 
polymerase I, Klenow fragment of E. Coli DNA polymerase I, T4 DNA polymerase, Taq 
DNA polymerase, and their homologs and derivatives. 

25 

3. The method according to claim 1, wherein the step of circulating the DNA molecules is 
induced by thermal convection generated by positioning a relatively high temperature 
region lower in height than a relatively low temperature region among the first, second, 
and third reaction regions. 

30 

4. The method according to claim 1, wherein the step of circulating the DNA molecules is 
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5. The method according to claim 1, wherein the step of circulating the DNA molecules is 
induced by a pressure difference generating means. 

5 

6. The method according to claim 1, wherein the step of circulating the DNA molecules is 
induced by an agitating means. 

7. An apparatus useful for amplifying at least one target DNA sequence using PCR, which 
10 apparatus comprises: 

a) a reaction vessel; 

b) means for maintaining a first reaction region of the reaction vessel at a temperature 

range suitable for separating double stranded DNA molecules into single 

stranded DNA molecules, 
1 5 a second reaction region of the reaction vessel at a temperature range suitable for 

hybridization of the single stranded DNA molecules with primers that are 

complementary to specific portions of the single stranded DNA molecules so as 

to form partially double stranded DNA molecules, and 
a third reaction region of the reaction vessel at a temperature range suitable for 
20 DNA polymerization reaction of the primers in the partially double stranded 

DNA molecules so as to generate primer extension products; and 

c) means for circulating the DNA molecules through the first, second, and third 

reaction regions to make amplification of the target DNA sequences occur, 
wherein an immobilized DNA polymerase is positioned in the third reaction region and 
25 the circulating means circulates the DNA molecules repeatedly at least once. 

8. An apparatus useful for amplifying at least one target DNA sequence using PCR, which 
apparatus comprises: 

a) a reaction vessel; and 

30 b) means for maintaining a first reaction region of the reaction vessel at a temperature 

range suitable for separating double stranded DNA molecules into single 
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stranded DNA molecules, 
a second reaction region of the reaction vessel at a temperature range suitable for 
hybridization of the single stranded DNA molecules with primers that are 
complementary to specific portions of the single stranded DNA molecules so as 
5 to form partially double stranded DNA molecules, and 

a third reaction region of the reaction vessel at a temperature range suitable for 
DNA polymerization reaction of the primers in the partially double stranded 
DNA molecules so as to generate primer extension products; and 
wherein an immobilized DNA polymerase is positioned in the third reaction region and 
1 0 among the first, second, and third reaction regions, a relatively high temperature 

region is located lower in height than a relatively low temperature region so that 
the DNA molecules are circulated repeatedly at least once by thermal convection 
through the first, second, and third regions to make amplification of the target 
DNA sequences occur. 

15 

9. An apparatus according to any of claims 7 and 8, wherein the immobilized DNA 
polymerase is an immobilized enzyme having a polymerase activity of replicating a 
sequence complementary to a template DNA, selected from the group consisting of E. Coli 
DNA polymerase I, Klenow fragment of E. Coli DNA polymerase I, T4 DNA polymerase, 

20 Tag DNA polymerase, and their homologs and derivatives. 

10. The apparatus according to claim 7, wherein the circulating means consists of an electric 
field generating means. 

25 11. The apparatus according to claim 7, wherein the circulating means consists of a pressure 
difference generating means. 

12. The apparatus according to claim 7, wherein the circulating means consists of an agitating 
means. 

30 
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Fig.l 
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Fig. 2b 
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Fig. 3a 
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Fig. 4 
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Fig. 5 
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a^af/ci/s)^^ ^#tr ^ ^ ^<£HH ^-%iL^(Taq DNA Polymerases) 

o) 2)3 ^ 72 °cs. , 3^741 -^5. ^% AV-g-s}^ ^o] 7 > 

<H\i^ ^^l^r #eHBj*M^ #3]^ ^£1- ^"7)1 *}a| 2^711 ^ 
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S 3#31 2^-711 ^ Aj-oj-^ofl nj-ej- ^a] 7 ];e_S. 

<35> 3J*fl, ^efl^ ^71^1 ^^HtT f^S:i7> A^ofl 

<H ^isL ^ AjS^ 3^ - ^)7|^ 

<36> <* 7 H<i ^ « 0 V^^- 6? ^oJHH f^jL^ ^ -32^ 

<37> ^sfl^ a>o]^^ <g7H<g ^s- wj-^^ ^^^(Lab-on-a- 

Chip)4 ^ ^^lS.^ ^<>1 O^cf. ^^cH^aZf 4^-^^ C^Tfl ti J 

-§- °A ^1 <3^3-°s ^ 5*5^- ^ 

o. a jc A | *}JEL5. ^ ^ ^ <y^>o^ i^SHl IrS]*}- 
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<38> o)E^ -g^s.^ $\^Z}7) ^ 7}*) *>M-7> JX^sHS 

^ JL^7> JL^s} ^l^lcfl* ^T^ilS.*) JL^S ^^>7fl -g-^, 
^741 ^3J-« ^ flXI ^Hl cEfe^. *]-§-^^ ^ 4^ 

£ 4^1, ^sj-sl ^ofloflo] ^tl-S^l- a>-§-^- o.s^i , f^efl^ ^71^1 

u o^°l 7M^r ^"71^ ^T^-f^ sfll^ ?H 7}^^- ^O.S ^)A o V % V ^ ol 

<39> ^H", ^ ^7] -g-^** sflli> «o V ^^r <£b} 

^ 3711 l4¥^ # ^ ^^fl, JL^# ZL^sH^l ^tb <^ 7M W D 1- 

julsM f^JL^ M^B-^ ^^0} ^>#-g- ^^jl, 
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A\o}^ ^aRS. 7><t*>^ aV^Al Jl-gr 

#3 Jl^oI A)-o]^o] ^ ^£o)l o]^)-Cr) «>7fl SjCf. 4 
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^ *H^Rr 3* ^^.S. °lf ^*fl7> ^^}ZL, 

^1^1 A>^-o] 7>^§M1 t^iLS.*) <^7H<i ^ « o >^ ^--g-JE 

^7l^<g ^ ^ ^1^5>JL4 tJ-tf. 

<43> H^Jl, ^Hfl^ ^71^^ ^-5- ^ * #*HH ^5= 

JH^sj-Sl qofl^o] f^S^* A>-g-^ <*7H«i ^S. ^ A}-g-^ ^ 

46-13 



1020010066943 



<46> #4*M1 ^^r, ^^^-g-Hl 3*11 ^ ^ 

<47> a) I^^H^l o]^ 7 }^o) Z}-Z| cfo^^rt ^^cflo] ^Z)5)7) $\ ^ ^ 

JE^iiL *)1 1 ^-g-cg^^. -^A^JI, 

<48> ^7}E}- ^<a^ol ^}°1 ^ ^-^ofl #^0] S e}o]^7> 

<49> #7l °}^7}^°)}*] °l###ol Clofl^lo) ^aV-g-o)] 

<50> b) -H^SHS t)<$°\}°] f^JL^i* #7] 3 tiV^-Cg<^oll ^^]Al7l^ 

<5i> . c) ^7l^<iol ^ oi£^- #7l ^ 1 #71 

*ll 2 ^ #7l ^1 3 ^^^^LHl ^<3Hl°l-& o]^a) ^741;* i^*> 
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<52> #7l ^^ofloll- oj^Al^ &7\m 1 S\ °1# ^JA 

<53> -g- Stb, ^^-JLi: ^^H^l ^ ^ <H -£ ^-u^ ^ <?JHH 

<54> a) ^b-§-§-7l; 

<55> b) #71 «>^-g-7l^ 2fl 1 tiV^^^-t- t]<3HH£] o)^7>^-ol Z^-Zj- ^7}^" 

<56> #71 HV-g-g- 7l^| 2)1 2 tiV-^^ ^^7>^ c^l O] M.^ «. ^ ofl A> 

7lZL, 

<57> #71 tiV^-g-7lSl *\] 3 «M-°<3^* #7l ^1^7>^]A^ 5. "1 

Aj- # ol r^oflo} ^tg-^-g-o)! o]^ ^S\7] ^ ^JE^S ^1^171^ ^-£-fM 

<58> c) ^ ^<tiHH ^7lA^<gol ^ #71 2)1 1 #71 

^1 2 ^ #71 ^11 3 #-§-<8 3*HI ^3HH«- ^1^171^ °1^^;# i 

<59> #71 2)1 3 *h§-^<*Ml^ JL^S^ t)<$\°\)o] 3]x)5)JL, #71 o] ^ 
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<6i> a) #-§--§-71 ; 

<62> b) ^"71 #-§-§-71 2l 1 #-§-<3«-§r C^H^l ol^7>^ol ZVZ| #^7}^ 

<63> #-§-§-71 <^ *)1 2 #-§-^^# #^7}-^- r^^oflo] ^-7>^ S.^ ^ofl Aj- 

71JI, 

<64> -*7l #-§-§-7121 *fl 3 #-§-<£ ^ <$7] *f-&*\ o)^ 7 }^6\)*\ HeloH 

a> # o1 rq^oflol f^#-§-o|l *\f% ^S|7l -fi-*H?l*r ^-fM 

^#;* i^}^, 

<65> #7} 3 #-§-<£ ^<*flfe 3L*m$. t\c&c$o] ^JL±7} 3*13^, #7l 1 

*fl 2 <S^, ^ ^11 3 f #tfl3j£.S -gri7> ^ <3<*>£- ^-cfl^ O.S ^ 

H7> ^ ^^icf ^ ^^SlJI, ^ Cl^oflo] «7lA^<gol ^S.^ - 

oi^ tq^ofloll- <g tfl^Ml ^-71 ^ 1 ^ 2 <g^, £ ^1 3 <^#-g: 
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<66> -g- Ji^sHa ^<3HH ^U-Jl^b^- ^ -n^l -B-*l^r 

*fl . ^2^|<H 5U^r tJ'SHM ^^-jLi* 3*1^. -H^2}-€ ^<SHM ^Jl>L# 

*1 ^*ltt -n^s)-^ JLisl %^^r -g-^ Ji^oil al^H ^ 60 - 

80%2] ^eHH ffii <2ifl*H-<Hl A>-g-*v <r ^5E^1 $H3£ 

M-^tfl^^-. ZLS^, ^ofl^ A>-g-s>^ JL^S^ ^<?3HH #thJi^ y o V 

xr, ^ ^<dHH, 7}^o] s]^ dATP, dCTP, dGTP, dTTP -f- ^^s)- c-fl 
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¥ ^°\] ^>-§-^^ *\3.£\ <§7lAi<i ^ wJ-ttH] A}-g-S] ^ 

Al^.^- ^M* ^o]t\. Z. t t|ofloflo) ^JL^7> AlS.^- ^-%r*» ^H) -§-*fl£| 

£ ^ofloflol ^Jl^l- ^>-g-^>7) nfl-g-ofl ^.g-ofl a o Vo] A^o^ ^ofloflol f^Si 

7} £.&rs\°] $X*\ Or^M y o v ^^ ov^-oi * J^o] ^ 

* A]lL^ ^^ 7 > Ti^JL, Jl4i^ T-fl A>^-ol 7>^*V£^- f>\±t ^-g- *r 9X 

^R^^r ^ ^ ^ ^^oflo]^ &<£7}^, o)^ 7 }^ t 

fsf-^l rq<2HH7 r #Efl3. ^U^H^- D)|A]^<y-o2oflo| (messenger 

Ribonucleic Acid : mRNA)* i^*}-^ Al^.oflA} <*>7H<g,g- ss^jl*} ^ tcfl ( 
^lofl ol (Ribonucleic Acid : RNA)# tq^Boflols. w}^^ ^^a> sdi(Reverse- 
transcriptase)* ^H^rfe^ , ^\]^^ t] ofl o] (Complementary 

Deoxyribonucleic Acid : cDNA)£ «H o.g_ ^>-g-€ *r SU*. 

= e}°H^- -S-^jt^]. ^ ^-^ «7lA^ofl sfl^SKr rq 

°a°1M o]^ 7 >rt-o 1 5 --^rj <^«-^-* ^ 5L^-*Hr ^ tHS"^ *s)jl^t#efl^. 

E}2=# A>-g-^. S5}°H ^ ^ ^ rq<a^o]o) ^ <$7]*\<&2] 3'" 

9XSLV), ffii ti>-g-^ ^ifl^Jlii. ^l^A]^ %J>- 7}£o\] 
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^ ^ ^ i-HH, ^o]u] tflofl ^Jf S^r ^ 7j-5l <g 

7l7f A>-g-El^ ^fg r^H^ ^^JLJL ^2lol^ o^j ^7l^<g^- £ 

^ 7>^1 7H7fl ^«fl*}t}. 

^ ^1; 3) o]^7>^l^ HB^-ol^ oj^-A> # ol ^s)^ ^^s^H^ 

^•^S SJZL, ois-o] ^^olja. tiV^-^o.^ ^7lA^ol ^ 

71^ A>o]^ *J-Alofl o^a} Aj- 7 ] ^l^oj ^^5:^ ^j, olcf. 

^ #-§-<8^ ^^jjl, ^^H* %7\ til^^f #o)l ^A]7lO S 
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^S. A] 1 ti}-§-^^^- ^]X\f)JL, 2) #7l ^^7>^ 43H°1 £-7^ ^ ^ 

2 ^-§-^^^: -f}-*H 7)31, 3) #71 J^-aJ °)^7}^o)}*\ *z±o]u\ o^###°l ^ 
1=1^1 oil °14 #iL^°} ^7|Ai<||- 7^711 ^r*)l£)7l W ^rJE^S 3 ti}-§-<3<3 
* -fr^Al^lrl-. -^-71 ^1 1 ^-S-oJ^, 2 «V^-oj« f¥ j ^ 3 aV-g-cjcd^ ^ 
g:- oj«. 7] . ^ - $1<LV\, Zj-Zj-o] ^ tfo^ 9J^- 3=fe ^7} ^ 

<74> #71 ^<a^°l7> #7l ^1 1 ^-g-^^H ^7}^S. ^^H^JI, 

Si^r ^71^^^- 7 >^ ^ ^Cf. ^%JL^ <2ifl«H-°l H^M^, 

<75> ^^H^, #71 1 aV-g-ojoa ( Aj-71 2 aV-gr^^ ^ Ag-7] 3 tiV-g- 
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s-H, #7] ^-§-^^1-^ °}3§~g- **}<^ ^o€ SLs^H x#=)<H 

#*fl, ^^^^Ji^efl^E^^ A] fife 2\2\^ tiV^-^^-i-ofl ^7 

^Sm°l ^1* -^l^Rr 7]^* 7>^1 cfl^-g- ^ofl^o] I, tfl^ ofl 

<77> ^Efl^ £-51 ^ A>o]^ oil ^tb ^«*1HH ^7lA^<i ^ ^ ^ ^1 

7> ^5)^ *M*>At^. ^, ^^oflA^ 90°C *V 

^ ^1 <y<Hu}-fe -g, 
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oil &7fl o]-^ o. ^1 v)<&6\]o] ^3L±S_ A}-%-o] 7} 

< 78 > ^ ^ ^1-^ ^Jf£ 51^4 t}-g-<^ ^ m 

u o v ^ 7fl^-& uj-Ef-tfl^ 7-<$S.o]tt. £1^ aHH ti>sf ztJ-o], t^ojHlo]ol 0 j 

Sh8-<8«JU), ^T}^ C^o] «*>o} «.^6)1 A^^- £i=. it^H 

7\ ^S\o] ^3 ol^ 7 >^o] ^£)7l flfc £5^51 -fr^S^ *fl 2 

(2), ^"71 O]^ 7 }r±o\]*\ VL^o]u] <3#A>#oj ^5l7l ^ ^51^ JS- -Rr 

#-§-<3^(3)<*i| ^, ^"71 1 ^<^, ^-71 »1 2 "H-^ ^ ^71 

tfhg-^M ^^^7} ^1 £^ *>fe ^5L 7}^}^(S.1S] b)), # 
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71 «H-<^« #2] <>1^# *}7) iflSH $\*}7\ ^3 ^5. 7>^^CJ- 

(£1^1 c)). 

<8i> ^^H^l QJ^uj-jE^- 90~94°C^ ^SfjJfls. -fMA]?]^ Xl 1 «>-§-^ 

^ ^°H1 fl*W7]aL, = eM°l^ c^^^ol o^u^^ 40~60°C^ 

^l* ^ ^<a<^H f^jL^M %# ^3^£<y 72°c^ ^s^^s. -fr^W^ife 

<82> ^, ^"71 Xl 1 ^7} ^^^Eflol^ ^;^7> «gS>^O.S. <|3<X 

*8<%& ^<&°\}o]-&Z\-o}u] ^z\}7} <g tfl^ofl X] 3 ti>-g-cg^(3)^. S. 

4*Rr 4^ ^1 4^1^ #71 §Bl^Bl^|©l^ ^^}7> XI 3 #-§-«3*H <H*H 
?1 JL^S^ t]<?3HH ^jLi(4)^l °^i|7l] SM, olofl rcj-e} #7l 

fj^H^, 0^*8, *eH3Xl°l^S] ^fli til-o-o^ 37fl ^-^7> ZL 
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^ ^<SHM ^U-S^l: A>-§-^ ^- «Vt§o} t£ Cf^ ofl-i- b)# ^ 

al &°-i4, ^ ^51 ^ <£s^ 

^ ^^o)]o] ^J-^l- A>^>^ ^^Utt 5Ll<q b)^ ^-o] ^^-aV-g-o] 

^l^^S-^r 37°C^i HH}°H^ o]^o] £r£^J±4 3 ^"4- 

£ 1$ a), b), c)<Hl <^l^m ^-^H ^ ^5L^^1- 7Hfe ^ 
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<86> £2aTr -gr ^Xlaflo} ^VM-S.^, ^H<2l ^ q]6\]x] A}-g-^ ^ 

<87> £2b ^ £2c^l £*l^r w>Sf ^ol ( o>s})^ ^ ! M.3.( 101 )o. jl^o. 

-B-*H71ji, ^ ^) 2 #je^ M-(i02)* x^slsl ^l^m ^, <>1 #51^ 

1-^-ClOl, 102)1-^; ^1^(107)^ Sl«fl ^Ia] «];-§~g-7l(103) i}H Jl-^'y 
^ 1 ^^(1) ^ 7^0] ^] 2 ^(2), ZLe)jI ojs. A }o]o) ^£ 7)^7} S. 

Wl^H ^>CH^^S. ^ ^5.1- 7}*l7fl ^ ^ojofl J7-£ 

^tV 7>^^o] <g cUfHl o^fl S-^ ^ttj^cq tij-o.oj« (li 2 , 3)^ 

<?JHH3l &Qo] *}<£^o_^ <U°]^7l) ^Cf. ^-71 Z\) 1 ^JE^ #^-(101)^ JEL^O. 
si -R-*H?m 7]-<i^l(104)» £^1^31, #71 ^1 2 1-^(10 

2)# 7.^0.5. ^lAl-7l^ ^-^^ £A]^1 #5**1*!:. zi ^^l^o] ^ 

£ ^°1 ^Kr 7l#^o>oflA-l ^Ajo. ^ -g-oj^Tfl ofl& 

€ t 5a *4. 1 ^1 2 tfV-S-^, ^ *ll 3 tfhg-^-a: 
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#5L^ M-(l,2), 7><1#*1, ff^2tS ol-o^^l ^oflu]- *V^£] 

Si^, ^ "H^tt ^^e^ XI 1, 2, 3 ^-g-^^ ^3 3 ^JE^S 
^1 71 7l^* ^o}^ ^-<g^l ^^cf § ^Jolrf. 

^*ol 7R> ^ofl 7>^-£^- -fr^m ^HH 4^=^ ^Til 

^cf. £3a ^ JE3b*JM *(H * , #-§--§- ^ 2] W °m 

(1, 3)°fl ^(7, 7')* 3E«U*m -f , t^7l(6)l- *}--§- a] 

Svflofl ^^A}7li o] ^^^>o] uj-^ ^7] V}3?o] fO S ^ .g. 

^i^>» «a ^^<Hlol7> Aj-7] zj- HV-g-^^s-Cl, 2, 3)^1 ^V^^-S °l-f-5|<H 

fAS^ , ^7l^^ol *Vcf . £ 3a ^ £ 3b*flfe- 5U*1 

Q*]^, ^-7] a>-§-<^«(l, 2, 3) zl-zHl JE^T^, Aj-7] tiV^-^^l-d, 
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2, 3)2] «fl*l# £W 7>^>4. 

tqojHH ^^-til--§- ^ofl^ i^ifl^eflol^, o^^^, #S]^e]^o]^ol «yo} 
M"^ ^3*1 tfl^ 71 A>-g-5]^ ^ofloHo] O^ELS, Z\ tiV-g-^^^- Tj-ofl o]^ 

iLTf^^l^El^^ ol ^ ol ^ Al ^ ojo^ - °1 7]^o) Z^o} ^ 

# #-§-°J^Hl fe£r ^3^- ^ol^ S tlojHlolo) o}^B$ ^ ^^^el^ol 

^ol jacf -g-ol^Tfl Ojol^ ^ ol^ ^-B]^ 2:^^- ^^§>7ll ^t}. ^1 g. iflofl ^ 
^lfe ^7l^-o] ^ 7 js| -pr^Al^ cl^oilol^ ^ 7 ]o| ti> -g-^-71^1 ^^-d\) tcJ-2}- 2i 
^ ^ $l<La], ^^ofl J7^5fAl?J ^-f ofl^ JI^S^ ^ <SHM 

21 ^BlH 14^ ^sj.Al7l^ 7^^, O]^ £Al^ £ 3a ^ £3 b ^l ofl 

o)l ^3*1 SHrt]-. 

5L4^r IE ^*1 ^1^1, 1=1 ol^A] 71^ cfTll^ ^3 

*V ^^^^1 21^11 ulojioHoll- o|^Al7l^ 3# ^)o S ^ JH^sHS r]ojHH 

£4<^Mi oflAlt!- £ol ti]-o_g- 7 l(5) ^ ^ ^ofl 71-SKr <$n^r 

^ ^ 1^1 «lo-}<*| ^711 S^r ^711 *H °» V ^^* , 
^lAlTj ^^^-.(i 2( 3)^_H1 Cloj]ollol7> ol^>7ll ^ ^ ojcf £4*11^ 21 
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^(8, 8')^ °)-g-*Rr ^o.^ ^H^JI 9XSL^, 

#*Rr 7l#^r^Hl^ 7}*l ^T^^^S.^ Aj- 7 ] 3]^ 

€-(8, 8') ^HlS "^^V* ^A]^ ^ ol^ t^-oj:^ ^= o} ofl^ g:- 7 ]*fl ^2 

<94> JE5<^H ^Al^V ^c^. ^-o] ti>-§-£-7l(5) t|H ^ ^-tfl(9)# 
<95> <^"^ <^1> 

<96> A. ^<SH] 0 ] ^^"Jl4i^ 

<97> ^}efl°n £A]^ 657fl ^7l^ ^<H7}S4- o]H] o] <2}- KS ^&}"°H» 1:1 

46-28 



1020010066943 



^ pH 8.3^ ^-g-^ 94t:°1M 10-gr ^ « 0 v *ltr 4s 35°C °l£>7> J§ 

nfl^l ±Q ^5LS ^X|7jt}. o]n|] 657 ]] <* 7 ]o] #^7>l* t] ofl°l] o]s>)- K S 

<^^£M o]^ 7 >^o] £ c]S3HM7> ^^£]7fl ^Cf. o] -g-oflo]] 

3^ ^tq<a^o] f^jL4i(AmpliTaq Gold, Perkin Elmer *\, ^JL, 

72°C 7i^^r(d_ry bathHH 10 -^<£ "J^ltr ^ 50°C $r?\*\, ^<SH1 

ol ffiis] #7) ^1^7>^ c]oflo]io] 7 }- ^s\o] P fA? o )sl c] 

«M<>] ^tJ-S^i -g-<2** 



<98> KS : 5 1 -CGAGGTCGACGGTATCG-3 ' 

<99> 65-mer : 

<ioo> 3 * -CCAGCTGCCATAGCTATTTTCTTTTCTTTCTTMGTTOT ' 

<ioi> H$*\<^ ZL^sfsl^ ^<>jHH ^^-JL^^l ^tfl^o] 0.26 pmol°l 3 



4.7 cm ^o]^ x]^- o.l mm^l ^ ^-o]c>j(g 0 id wire)* ^ 1.5 mm, ^ 
4 mm^ i~Rd^°l s]^s. §W ]^>^cf. ^-§- ^^Hl 60~70°C5_ 

^itr ^^KPiranha) -§-°JH 10-15 ^ ^#<H ¥5^7}-, %o]-g-^o]] o]o^ 

<102> # S^cfl JL^Sf *h§-^ ^-§-7l» 3E<9S>7l E]^7l# 7>7.lJ7 oli=. 

^^#^4 # a>o]o]]^ ^ojuj-fe E]^-ello]E ^ al-g-, ^ Au-S ^ *8>S 

# 3£«a*V<^ ^l^lcfl* ^^A]^c]-. o]nfl JL7£ 

^-S-^ ^-§-71^ «la>-g-^ ^^7l» 7>^1^ 27^1 £-*}7> -g-^* 

A>-g-*H, Jl^Sh al-g-^ ^-§-71* 7}*]^ ^-^>o] ^^o] 5 %7> £)51-§- 2^ 
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-2^3- aJ-8-7lS^ ^4^7|t £^^7l <£z] A}^ £ 

i #^5. A>-g-s:>^rf. # £-7} ^£ 2 mM^ ^^g- -g-<^ 100 fd«\] ^ Qo]o] 

<103> ?>=^-^7l7> # 2}°H1- 10 mM^ l-^l^-3-(3-^^l^o>ul^ffs 

^)7j-s.a.tqo] dI^(EDC)^- 5 mM^ N-*| ^-*1^1°H s. (NHS)» 5E^H= ofl^ 

<104> -g-7> ^#5V^1 7VS^7]» 3^ SM m ^ St\-o]o]^- ^iflo} #7l 

* Sr^sf^ 7>s^ 7 KNHS-<^el)s)^ °^^> ^V^^l^-^ 

«V-§-^] *}*]!=- ^^-(-CO-NH-)ol ^^M, t^oJHol ^^-Jl4i7> ^l^]cfl 

<105> A oM ^ afl^ -H^Sf^ ^oflollol ^^J-JL^I- A}-g-£}-Cx} 7l^B] ^ 

-S-*>^* nfl^fl 60-80%^ #^^r JiS^. 
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<106> B. ^r-S- *\3.S!\ §«1 

<107> aV^-g-7lS^ -frs^-g. A>^>0^0.^, -^El^ ^ o] ^- 55 ~ 6 0 

mm°]JL, 2 mmc-1 Jl, 8 mn°W , All ^ w>^- t£o] o.^ ^-^lfe ^ 3 

mm°iq-. -^-s]^ i^eflo] EflHH}- efl^€ 

(Polytetrafluoroethylene) s^^flS s^^ji 13 3**1 *i ^}-§-*>$l 

<io8> pBluescript II KS(+)# ^ ^<a°11 0 lS -M-g-*H zl ^ T7 ^S.S.e^ ^ 

627^1 Tf-i-ell^-B)S^Al«-Bl T3 El£El ^ 790*1 -E.*}*1 164 bp^J 

7}- 40 ng, T3 H^H(5'-ATTMCCCTCACTAAAG-3') ^ T7 H.eMH(5'- 
AATACGACTCACTATAG-3 1 ) 7} A A 40 pmol^ S^ 0 ! 4 nmol^ ^^sMl^l 

el^Trl-ell^-E-lH. zl^JL 250 nmol «g3H-ntf|#, 50 mM^ ^s}-W 0 l 

100 fd9l pH 8.3^ 10 mM Ssji sJ-^-g-^ol ^u]s>$tj-. 

g?T^ojHH ^^-JL^ ^^^^oj] o^A^Ai tiV-g-^] A}~§-T!r>°^ rq^oHo] 
Wl*V Al^-ofl -g-^^-Bfl^ 0.26 pmol^ ^ ^<a^l°l ^SL±-% ^1^.1- 
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<io9> c. ^<?ihi°i ^^-«>-§-^ 

<no> £ 2b, 2c» %^}^ ^^*>^cf. o>2fl^ *{| i ^Aj M-S-doi)^- ^ 

1 7><1 7>£*M 96°CS -fr*l^S!;iI, ^ 2 #51^ M-(102)£: 

A}-g-SH 45 °c^ Jl^^tf. aV-g-g-71 iflofl #7l B#3l^ # 
^ O.S. Als!- ^<8*M ^-§-^-(111, 117, 112)ofl ^Jl, «}:-§- -g-71 ifl 

^ ^ ^"^HH ^£ €4, i=H4MH^°l IH^" <r 91^ 90 °C 

°l A o V °] 3l£r ^ ^ 50 °C -a-^lS]^ 

*l^r oj^, *M<*IH <g uflff-7} «a<H^" ^ fcU^ 7l^7]7> 

<m> ^W-§:# 3*H, ^<2HH #^-jl^7> jl^sHS M-^d^ ^ «4oi 

1.5mm, ^ol 4mm)^ f^o] sfr 7 ] *v°-£. 7 )^ 55°C°1 <8 «H ^ 

&i=h ShaHM* ?|ifl<H Shg- ^l-i- 1.0% 6>7>S.S ^(agarose 

gel) ^7l^^^^ A}-g-3M ^7fl*}JL, ti.so>o]c <^s_^_ SJ-AflAl^lJI, UV 

2:A>Al u^uRr Cl^oflol ^£-g- 7>A1S)-^- o}l- ^AlS^El 

(densitometer) 5. ^^St^f. £7^ ^-§-*l*h8: 30^- 4^1?>^1 
7l^ £3}-* iL^^r #7l ^^A>^lolcf. A^#£- 164 bp^l 

Aj cl^oflololcf. £7^ ^ Si^l, aV-§-Al7i 120^ J?- 3 f^Jidi <M*};-§- 
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7j\o] c>^ji ( £ «V^cq 7 )-^ ^ ^ ^oflAi 7>^1 

3^*1 #£tr sfl^5q<>|A-^ o>^t^-. igj^sj 

<113> l^ofl 4^-4 ^ S2f7> ^Cf. 

AV-§-ol 7}^}JL, <£^£^ ^*<HH jL^il- ^T^Hfr ^ *r 

<H5> ^fl , ^l^BCKlenow fragment), T7 <£HH 
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<H r^s}- ^ ^^H^^ -§-°ltb «o v ^>* °H 

<S^ 0 J ^*>-§-<>l 7}^V7fl *>JlsL*|, <*7H«I ^s. ^^M^lfe 
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[3^8" 1] 

#7l -^£-3 o]^ 7 >^-oil^ = eW*l iX<?3HH s]*fl 

b) JL^-m^ A<&°\]°] ^£.±.9 ^-71 XI 3 aH-^ofl ^^1^71^ #Xl; 

X] 2 aV-S-^ ^ A o v 7l XI 3 ^-g-^TlX] t^X]<X^ <X^l7l^ ^Xl;* S.^} 
5L ^ <X<^HH f^Jii* Af-g-*> <*7H<i ^a- « 0 >^. 
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13^8- 2] 

I, tfl^J-g- ^<SHH ^JL^i is) #eflM-^ ^eflZL^B, T4 ^<tiHH ^Jl4i, q 

[^T 1 * 3] 
I^T 1 * 4] 
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5] 
61 

7^1 

7] 

a) SM-g-71; 

b) #7] «>-§-8-7l^ XI 1 ti}^-^^-8: ^3HH^ °)^7>^-ol z|zv ^7}^- 
A oM ^r-S-g-71^ XI 2 «H-<g<*j# ^:^7>^- ^7>^ ^ofl # 
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*ll 2 <3 ^ ^"71 3 q<a^l°]l- °l^^l7l^ S. 

A c V 7l 3 tiV^^^ofl^ JL^SJ ^°}HH ^S.^7} 3*1 5)^, #7] oj-g- 

f^S^ ^ifl^oll 3«fl S>U|-^ ^ tl<3HH ^7lA^-i- ^3-A] 

a) #-§--8-71; 

b) #7l ^-§--8-71 ^ *)1 1 «V-§-°j^-& cloflollo]o) o]^ 7 >^-o] z|z| i£<Q7}^ 
v)c$d\]o] «-7>s ^e|5]7l 3th £-51^35- $-x)*)7)jl, 

^7} #-%~%-7]S>] ^1 2 ^-g-^-g- cf^7>^ ^^oflol «-7>^ S.^ «^ofl # 

71J1, 
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13 t 1 ^ 9] 
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I^T 1 * 10] 
11] 
12] 
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[S. 1] 



a) b) cj 
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2a] 
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15. 2c] 




[5L 3a] 



6 




46-43 



1020010066943 



{S. 3b] 




46-44 



1020010066943 



[5L 5] 
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30 60 * 90 "150 ; 180 'Zm'WM. 



iin 
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